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As one of important reinforcement of the advanced composite materials, 
continuous silicon carbide fibers must have good thermal stability and 
mechanical stability under high-temperature service conditions. The effect of 
high-temperature annealing treatment under simulating service conditions on 
microstructure, fracture model and mechanical properties of Hi-Nicalon fibers 
were investigated in this thesis which were all vital to understand the failure 
mechanism of SiC fibers, evaluate their high-temperature properties and design 
their microstructure and consititute. 
There have been some investigations about this respect since the later 
1990’s in abroad. However, there were few reports about the microstructure, 
mechanical properties, active-oxidation and fracture model of SiC fibers. And 
there were less study of SiC fibers in China to the knowlodge of the author.  
In this study, Hi-Nicalon fibers were annealed under high temperature 
(1400 , 1600  and 1800 )℃ ℃ ℃  for long time (10 h) in high pure argon and 
middle temperature (1200 ,℃  1250 , 1300  and 1350 )℃ ℃ ℃  for short time (1 h) 
in argon environment with some residual oxygen, respectively. Their 
microstructure was characterized by TEM and XRD, fractographs and surface 
photographs were observed by SEM, and tensile strength was determined by a 
monofilament tensile testing machine. 
The results indicated that Hi-Nicalon fibers after annealed in high 
temperature for 10 hr were subject to moderate SiC grain growth, formation of 
the stacking faults and organization of the free carbon phase with increasing 
annealing temperature. Because annealing temperature was high, Hi-Nicalon 
fibers were actively oxidized and defects formed on their surface. In addition, 
the tensile strength decreased upon increasing annealing temperature. However, 
the microstructure of Hi-Nicalon fibers had ignorable changes after annealed in 















surface of fibers, and the tensile strength deteriorated markedly and decreased to 
30 percent of the tensile strength of Hi-Nicalon fibers. 
From the effect of microstructure on tensile strength, amorphous SiOxCy 
reduction, moderate SiC grain growth, and free carbon increase could result in 
the decrease of tensile strength.   
Crack starts from defects, and then stably extends to form a mirror zone. 
When stress intensity factor KⅠincreases greater than fracture toughness KⅠC, 
crack will unstably extends to form a hackle zone. From the effect of fracture 
model on tensile strength, the defects and the mirror zone size increased when 
fibers were actively oxidized seriously, which might lead to less tensile strength. 
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碳纤维放置在高于 400℃的氧化性气氛中就会被迅速氧化，而 Nicalon 纤维




图 1-1 SiC 纤维照片 

























1.1.2 SiC 纤维的制备 
目前制备连续 SiC 纤维的方法主要有 4 种：化学气相沉积法(Chemical 
Vapor Deposited， CVD)[3~5]、超微粉掺混纺丝法(Powder Sintering) [6，7]、活
性碳纤维转化法 (Chemical Vapor Reaction，CVR)[8 ， 9]、先驱体转化法
(Preceramic Polymer Pyrolysis)[10~13]。制备的 SiC 纤维的性能如表 1-1 所示。 
 
表 1-1 四种方法制备的碳化硅纤维的性能比较 












CVD SCS-6 142 3.0 4.48 430 
PCS-derived Nicalon 14 2.5 3.0 220 
CVR  20 2.1 1.0 180 
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大大降低，但制得的 SiC 纤维的性能与 CVD 法、先驱体转化法制得的 SiC
纤维相比尚有一定的差距。而先驱体转化法制备的连续 SiC 纤维的制备成

















烷 （ Dimethyldiclorosilane ， DMDCS ） 脱 氯 聚 合 为 聚 二 甲 基 硅 烷
图 1-2 碳化硅纤维制造工艺流程图[15，16] 
















排、缩聚转化为 PCS，PCS 在多孔纺丝机上熔融纺丝成 500 根一束的连续
PCS 纤维，再经过空气中 200℃氧化或电子束辐照得到不熔化 PCS 纤维，
然后在 1373～1423K 惰性气氛中烧结，聚碳硅烷分解，支链上的甲基、氢
脱除，而只残存 Si-C 键骨架，得到 β-SiC 结构的连续 SiC 纤维[15]。 




性和抗氧化性更好的Hi-Nicalon纤维和Hi-Nicalon type S纤维。 
 
表 1-2 先驱体转化法制得的 SiC 纤维的典型特性 
Table 1-2 Properties and compositions of polymer-derived SiC fibers 
 
 















14 2.55 2.0 190 
Hi-Nicalon 62.4Si; 
37.1C; 0.5O 















10 3.1 3.0 390 
KD-Ⅰ 53.7Si; 
29.1C; 17.2O
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目前，Hi-Nicalon 纤维已于 1995 年实现工业化生产。1984 年日本宇部
兴产公司以低分子硅烷化合物制成性能更好的含钛碳化硅纤维，称为
Tyranno[17]。90 年代初，美国 Dow Corning 公司在 SiC 纤维的制备过程中
引入 B，再在 1800℃高温下烧结制得多晶 Sylramic 纤维[18，19]。国内由国防
科技大学于 1980 年开始进行先驱体转换法生产 SiC 纤维的研制，制得的
KD-Ⅰ型 SiC 纤维的主要性能已接近日本同类产品的指标[20]，现已实现月
产 500 公斤连续 SiC 纤维的中试生产。各种先驱体法制备的 SiC 纤维的性
能列于表 1-2。 
1.2 SiC 纤维的结构与性能 
1.2.1 SiC 纤维的物理性能、微观结构及力学性能 
Nicalon 纤维由 2nm 的纳米 SiC 晶体，游离碳相和非晶态的 Si-O-C 相
组成[21]。由于 Si-O-C 相的存在，而使 Nicalon 纤维在高温下热力学上是不
稳定的[22~25]。当温度高于 1100℃－1200℃时，非晶态的 Si-O-C 相会发生如
1.1 式分解[26~28]：  








































图 1-3 暴露在高温的氩气中 10 小时后的 SiC 纤维的拉伸强度 
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